Parabolic trough solar collectors (PTSC) plays an important role in the heating of fluids and in the generation of electricity . In this study, heat transfer and temperature distribution analysis was carried out for the use of internal longitudinal fins with different geometries in a parabolic trough solar collector. Numerical analyzes were carried out for different Reynolds (Re) numbers (2x10 4 -8 x10 4 ) at steady-state conditions and three different thermal oils were used as heat transfer fluid (HTF). The use of the internal fin with sinusoidal lateral surface for all types of thermal oil increased the heat transfer and made the temperature distribution in the fluid more uniform. The highest thermal enhancement factor was occurred for Syltherm 800 oil and sinusoidal fin geometry. With the use of Syltherm 800 oil, the thermal enhancement factor ( ) increased by 40% and 44% respectively according to the Therminol VP1 and D12 oil type for the case with sinusoidal fin.
INTRODUCTION
Renewable energy sources are nowadays widely used as an alternative to energy sources that create air pollution and negatively affect ecological life. Renewable energy can be classified as energies of solar, wind, hydrogen and biomass. Concentrated solar power (CSP) systems play an important role in the heating of fluids and in the generation of electricity. This study focused on parabolic trough solar collectors (PTSC) used in medium temperature (100-400°C) applications [2] . Figure 1 . Parabolic trough collector [1] PTSCs are composed of a parabolic reflector, glass cover and a circular shaped absorber through which the fluid passes. The sun rays are focused on the absorber by reflectors and the fluid in the absorber is heated (Figure 1 ). There are many experimental and numerical studies to increase the thermal performance of PTSCs.
Inserts for absorber have been widely applied in these studies [2] . Cheng et al. investigated the effect of an absorber with unilateral milt-longitudinal vortex generators on thermal performance, numerically [3] . Numerical study showed that the vortex generators increased heat transfer by 2.23-13.62%. The use of the twisted tape insert with different nanofluids in the absorber was presented by Waghole et al. [4] . Experimental study revealed that the heat transfer and the pressure loss increase by 1.5-2.10 times and 1-1.75 times respectively. In the study carried out by Kumar and Reddy, perforated disc usage in the absorber was investigated, numerically [5] . For the optimal configuration of the porous disc, it was observed that the heat transfer and the pressure loss increased by 221 watt and 13.5%, respectively. The effect of inserting metal foam in the absorber on the heat transfer was analysed by Wang et al. [6] . The geometry and the porosity of the metal foam were investigated. It was reported that the increase in the Nusselt number (Nu) and the friction coefficient were 10-20 times and 400-700 times, respectively. Investigating of the use of a louvered twisted-tape and the typical plain twisted-tape inserts in the absorber performed by Ghadirijafarbeigloo et al. [7] . For the fully developed turbulent conditions, the louvered twisted-tape inserts significantly increased the heat transfer and pressure loss compared to typical plain twisted-tape inserts. Jaramillo et al. investigated thermal performance by using twisted-tape inserts in a parabolic trough collector for low enthalpy processes [8] . It was revealed that the higher increase in the heat transfer occurred for the low twist ratio and the Reynolds number (Re) values. For a tubular absorber, using of the dimples, protrusions and internal helical fins on the heat transfer were determined by Huang et al. [9] . The highest enhancement in the Nu and friction coefficient by 44-64% and 56-77%, respectively, by using a dimpled tube. In the presented study by Gong et al., the heat transfer enhancement was provided by using an absorber with pin fin inserts [10] . It was reported, the Nu and overall heat transfer performance factor were increased by 9% and 12% respectively for the pin fin usage. Bellos et al. presented a study including the effect of the internal fin with different length and thickness on the thermal performance for the parabolic trough collector [11] . Numerical study showed that increase in the fin thickness and length increased the pressure loss and heat transfer.
It is clear from the literature that the use of inserts for absorber tube increases the heat transfer. Although there are many experimental and numerical studies for inserts with different geometries, there are few studies on the effect of lateral surface geometry of the inserts on heat transfer. In this study, thermal performance analysis was carried out for the use of internal longitudinal fins with sinusoidal lateral surfaces in a parabolic trough solar collector. Sinusoidal geometry are widely used in compact heat exchangers due to the higher thermal performance [12] [13] [14] . Thus, sinusoidal geometry was preferred for the numerical analyses. The main aim of the study is to investigate the effect of different types of thermal oil on heat transfer and pressure drop for sinusoidal internal finned absorber. For this purpose, three different types of thermal oil: Syltherm 800, Therminol D12 and Therminol VP1 were used. Numerical analyzes were performed for the conditions with flat fin, sinusoidal fin and without fin and the findings obtained were compared with each other.
PHYSICAL MODEL
Absorber geometry used for numerical analysis was given in Figure 2 . Figure 2a and 2b represent the flat and the sinusoidal fin geometries, respectively. In Figure 2c , the amplitude value (a) of sinusoidal geometry is a=6mm, periodic length (p) is p=10mm and thickness (t) is t=5mm. The fin heights (H) are H=5mm for all conditions. The absorber geometry was modeled according to the LS-2 type receiver dimensions [15] and the absorber material was 316L steel [16] . The values of the absorber dimensions and the thermal properties of the absorber material are given in Table 1 . The inlet temperature of the thermal oils (Tin) to the absorber was determined by taking into account the thermal properties such as boiling and autoignition temperature (Tin=400 K). The thermal properties of Syltherm 800, Therminol D12 and VP1 oils for 400 K temperature were taken from References [11] and [25] respectively ( Table 2 ). Because the absorbing geometry was symmetrical with respect to the y-z plane, half of the absorber was modeled for numerical analysis. 
MATHEMATICAL MODEL
In the numerical analysis, it was assumed that the fluids were incompressible and their thermal properties were constant. The analyzes were performed under steadystate and turbulent flow conditions. The threedimensional governing equations are given below. Equations 1, 2 and 3 are the conservation of mass, momentum and energy, respectively.
Where, and are the time-averaged velocity components in the i and j directions, are the Reynolds stresses, P is the time-averaged pressure, T is the time-averaged temperature, is the fluid thermal conductivity, is the density, is the turbulent viscosity and , is the turbulent Prandtl number for energy. The Reynolds stresses can be expressed by the following equation depending on the Boussinesq hypothesis to include velocity gradients [19] ,
Where is the linear deformation rate of a fluid element, k is the turbulent kinetic energy per unit mass. and k are given by Equations 5 and 6,
k-ε model is widely used in flow calculations [19, 20] .
Realisable k-ε model was selected in the present study.
In the Realisable k-ε model, the two additional equations used for the transport of turbulence kinetic energy (k) and turbulent dissipation rates (ε)are given below, k equation:
ε equation:
Where and are the turbulent Prandtl number for k and ε, respectively.
is the production of turbulent kinetic energy and calculated by Equation 9,
When the equation is evaluated together with the Equation 4, the following equation can be written, =
Turbulent viscosity is given by
Constants used in the Realisable k-ε model are given below, = 0.43, , = , ≡ , = 1.9, = 1, = 1.2 is a function of the mean strain and rotation rates, the angular velocity, and the turbulence fields. Calculation of function is given in Reference [19] .
Boundary Conditions
The uniform velocity distribution was accepted at the inlet of the absorber and the inlet velocity values were assigned in the z-axis direction depending on the variable Reynolds numbers (Re). At the absorber outlet, the pressure was taken equal to the gauge pressure value (Pressure outlet condition). The boundary conditions at the inlet and outlet of the channel for the symmetric model were expressed by Equations 12 and 13 respectively,
In parabolic trough collectors, a non-uniform heat flux distribution occurs on the outer surface of the absorber due to the parabolic reflector. The heat flux values on the outer wall of the absorber were determined by multiplying the direct normal irradiation (I) by local concentration ratio (LCR) ( =I.LCR). Direct normal irradiance (I) was taken as I=1000 W/m 2 . The LCR values for the commercial LS-2 parabolic trough solar collector is taken from Reference [6] . The curve was fitted to the LCR values and assigned to the absorber outer surface as a boundary condition by the user-defined function (UDF). In Figure 3a and 3b, LCR and the heat flux distribution on the outer wall of the absorber for the rim angle (θr) of θr=70º were given. In parabolic trough solar collectors, the outer surface of the absorber is surrounded by vacuumed cover glass. Therefore, conduction and convection heat losses from the absorber can be neglected. In this study, it was focused on the thermal performance and pressure losses. Therefore, the radiation heat transfer loss on the outer surface of the absorber was not taken into account as in the References [6] and [21] . Absorber inlet and outlet surfaces on the x-y plane were assumed to be adiabatic ( = 0). The no-slip boundary condition was defined on all solid surfaces in the fluid zone (u=0,v=0,w=0). In the y-z plane, the symmetry condition was applied such that the normal gradients of all flow variables were zero.
NUMERICAL METHOD
The Finite Volume Method was used to solve differential governing equations. It was utilized from ANSYS Fluent commercial package program to solve the analyzes. The SIMPLE algorithm was adopted for pressure and velocity coupling. The Second Order Upwind method was selected for the solution of discretized governing equations. Enhanced wall treatment [19] was applied in the flow analysis of the areas near the inner wall of the absorber. Residual value ( − ) was given by Equation 14 for the continuity equation, momentum equation, turbulent kinetic energy, turbulent dissipation rate, and energy equation.
Where, represents any variable.
REDUCTION OF NUMERICAL DATA
In the assessment of thermal performance, it was utilized from the dimensionless variables given below.
Reynolds number (Re) was determined by Equation15, =
Where is the fluid inlet velocity in the z-direction, is the kinematic viscosity of the fluid and is the inner diameter of the absorber.
For the heat transfer analysis, the average Nu are given by the following equation,
In the equation, λ and h represent thermal conductivity of the fluid and convection heat transfer coefficient, respectively.
Heat transfer coefficient can be calculated by following equation,
Where is the average inner wall temperature of the absorber, is the average fluid temperature and is the average heat flux on the receiver wall.
Friction coefficient (f) was calculated with Equation 18,
Where, ∆ and f are the pressure loss and friction coefficient, respectively
Petukhov and Gnielinski correlations [17] were used for f and Nu, respectively for the validation of pipe flow. Gnielinski correlation is valid in the range of 3 10 ≤ ≤ 5 10 .
Petukhov correlation:
Gnielinski correlation:
Equation 21 [21] was used to compare thermal performance between different conditions for identical pumping power,
Where, and denote the Nusselt number and friction coefficient for the Syltherm 800 oil in any condition.
and are Nusselt number and friction coefficient values which are formed according to other thermal oil types. The non-uniform heat flux distribution on the absorber outer surface increases the circumferential temperature difference on the absorber. This leads to the formation of bending stresses and damage to the vacuumed glass cover [23, 24] . With the following equation, the maximum circumferential temperature difference ratios (Γ) on the absorber were determined.
Where, Δ , is the maximum circumferential temperature difference for Syltherm 800 oil, Δ is used for other thermal oil types. Δ was calculated by Equation 24 ,
Where, , and , represent the maximum and minimum outer surface average temperature of the absorber.
VALIDATION OF NUMERICAL RESULTS
To verify the numerical results, the grid size independence test was performed first. Table 2 shows a grid size comparison for the case without fin and the case with flat fin. For both conditions, the deviation in the values of the variables is approximately 1% for the grid dimensions below 2.5 mm. Thus, 2.5 mm grid size was selected for numerical analysis. The grid structure for the 2,5 mm grid size was shown in Figure 4 . The unstructured grid was used in the fluid zone and the grid structure was concentrated in areas close to the solid surfaces. For the absorber tube, however, structured grid was used with uniform distribution. For the grid density on solid surfaces, the y + value is approximately y + = 1 for all analyzes. The comparison of f and Nu values with literature studies was carried out for the case with and without fin. The results of f and Nu were compared with Petukhov and Gnielinski correlations, respectively. In literature studies, it was stated that 20% error was acceptable in industrial applications for these correlations [3, 21] . In addition, these correlations are affected at negligible level from the heat flux distribution outside the absorber [17] . Figures 5a and  5b show comparisons of Nu and f for the case without fin. For Nu and f, the highest deviation was observed 8% and 10% respectively. (Figure 5c ). The Nu ratios in the cases with and without fin were given in Figure 5c . The deviation between the results in this study and the literature studies was found to be around 4%. These findings indicate that the applied mathematical model and numerical analysis are in good agreement with the results of the literature studies.
RESULTS AND DISCUSSIONS
Numerical analyzes were carried out for turbulent flow conditions in the range of Re=2x10 4 -8x10 4 .The results were presented below as graphs containing velocity vectors, temperature contours, circumferential temperature difference and thermal enhancement factor.
Velocity and Temperature Distribution
In the study, it was aimed to increase the convection around the fin with sinusoidal lateral surface structure in the absorber. In addition, the interaction of different thermal oils types with fin geometries was investigated.
In Figure 6b , velocity vectors formed in flat and sinusoidal fin structure were given. As shown in Figure  6 , the sinusoidal lateral structure of the fin caused the fluid to change direction. Thus, it was provided increase in convection. Figure 7 shows the velocity vectors formed by the use of sinusoidal fins for different types of thermal oil. Due to the different thermophysical properties of the thermal oils, different fluid velocities occurred in the absorber for the certain Re value. It was observed that the highest and lowest fluid velocity values were formed for Syltherm 800 and Therminol D12 thermal oils, respectively. The increase in fluid velocity also increased the convection around the fin.
The effect of the fin geometry and fluid type on the temperature distribution can be examined with Figures  8 and 9 . Figure 8 shows the effect of the use of the internal longitudinal fin on the fluid temperature. As seen in Fig. 8a , a non-uniform temperature distribution occurred in the case without fin and this increased the temperature difference in the absorber depending on the heat flux density. With the use of the fins, the heat transfer surface area increased and the absorber temperatures decreased (Figures 8b and 8c ). Furthermore, with the sinusoidal fin surface, fluid motion increased and a more uniform temperature distribution was obtained (Figure 8c ).
The effects of different thermal oil types on the temperature distribution for the sinusoidal fin type was given in Figure 9 . The lowest absorber temperature and the most uniform temperature distribution were obtained for Syltherm 800 thermal oil (Figure 9c ). On the other hand, the lowest heat transfer was observed for Therminol D12 thermal oil type. a) Figure 10 shows the temperature distributions of the fluid and absorber depending on the absorber length in the use of different types of oil for the sinusoidal fin type. For all oil types, heat transfer was obtained the highest in the fluid inlet zone and lowest in the outlet zone. Therefore, the absorber temperature began to increase towards the absorber outlet. In the fluid zone, the oil temperature increased with the effect of convection towards the absorber outlet. The highest convection around the fin was occurred for the Syltherm800 oil and the lowest absorber temperatures were obtained. 
Thermal Performance Analysis
Thermal performance evaluation of thermal oil types was made with reference to Syltherm 800 thermal oil for all conditions with and without fin usage ( Figure  11a ). Figure 11a shows the thermal performance curves of the Therminol D12 and VP1 type thermal oils with respect to the Syltherm 800 type thermal oil at variable Re values for an identical pumping power. With the increase in the Re, the heat transfer in the use of Syltherm 800 oil for the cases with flat fin and without fin increased with respect to the heat transfer in the Therminol D12 and VP1 oil use. The highest thermal enhancement factor was achieved in the use of fin with sinusoidal lateral surface, and the heat transfer ratio between the oils remained nearly constant in all the Re values. With the use of Syltherm 800 oil, the thermal enhancement factor increased by 1.4 and 1.44 times respectively according to the Therminol VP1 and D12 oil type for the case with sinusoidal fin. This revealed that the highest and lowest thermal performance occurred for Syltherm 800 and Therminol D12 type thermal oils, respectively. Figure 11b indicates the ratios of the maximum circumferential temperature differences on the absorber outer surface for different oil types. With the increase in the Re and the use of sinusoidal fin, the temperature difference ratios decreased. When oil types were compared, it was observed that the highest absorber temperatures occurred in Therminol D12 oil usage. For the Therminol D12 oil usage, the maximum circumferential temperature difference ratio increased in the range of 1.73-1.90 according to the use of Syltherm 800 oil. Figure 11 . Comparison of thermal oils a) Thermal enhancement factor, b) Maximum circumferential temperature difference ratio
CONCLUSIONS
In a parabolic trough solar collector, the analysis of the internal longitudinal fin use with different geometries for different types of thermal oil was carried out and the results obtained were summarized below.
The use of the internal fin with sinusoidal lateral surface for all types of thermal oil increased the convection by directing the fluid. This situation increased the heat transfer to the fluid compared to the flat fin and finless conditions and decreased the absorber temperature. Furthermore, the sinusoidal fin made the temperature distribution in the fluid more uniform.
The highest thermal enhancement factor was obtained for Syltherm 800 oil. With the use of Syltherm 800 oil, the thermal enhancement factor increased by 40% and 44% respectively according to the Therminol VP1 and D12 oil type for the case with sinusoidal fin. Parallel to the results of thermal performance, the highest absorber temperatures occurred in the use of Therminol D12 oil. For the Therminol D12 oil usage, the maximum circumferential temperature difference ratio increased in the range of 73-90% according to the use of Syltherm 800 oil.
